The mechanism and speed of endocytosis at central synapses after neurotransmitter release is still under debate. In this issue of Neuron, Delvendahl et al. (2016) propose an ultrafast form of endocytosis after single action potentials (APs) at physiological temperature.
At presynaptic active zones, calcium-triggered synaptic vesicle exocytosis and subsequent neurotransmitter release occurs on a millisecond timescale. During exocytosis, vesicular membrane and proteins are added to the active zone and must be retrieved rapidly, through the process of endocytosis.
Until recently, three different modes of endocytosis, including ''kiss and run,'' clathrin-mediated endocytosis (CME), and bulk endocytosis, were described at central synapses (Kononenko and Haucke, 2015) . However, their individual functions in maintaining synaptic integrity and sustaining neurotransmitter release is still under debate. Recently, an ultrafast form of endocytosis was described in hippocampal neurons (Watanabe et al., 2013 (Watanabe et al., , 2014 . Ultrafast endocytic pits and plasma membrane fission are detected 50-100 ms after single AP stimulation and are independent of clathrin assembly. Thus, ultrafast endocytosis is a new mode of endocytosis, fundamentally different from previously described forms.
To monitor vesicular fusion events after single AP stimulation, one needs optimal spatial and temporal resolution. Watanabe and colleagues combined optogenetic stimulation of hippocampal neurons with a rapid high-pressure freezing fixation and electron microscopy (EM) technique (flash and freeze) to obtain snapshots of synapses in the process of endocytosis at defined time points after stimulation (Watanabe et al., 2013 (Watanabe et al., , 2014 . However, a limitation of this technique remained: ultrafast endocytosis at synapses could not be followed in real time.
A method that enables real-time measurements of endocytosis with fast temporal resolution is presynaptic capacitance (Cm) recording, which can detect changes in the plasma membrane surface area with millisecond resolution (Sun et al., 2002; von Gersdorff and Matthews, 1994) . When a single vesicle fuses at the active zone, the synaptic surface area increases by the vesicle's 70 3 70 nm membrane patch and accordingly decreases when membrane is retrieved during endocytosis. While capacitance measurements are truly the method of choice to monitor endocytosis with high temporal resolution, until now no evidence for an ultrafast form of endocytosis has been uncovered.
Through optimization of presynaptic Cm measurements (Delvendahl et al., 2013; Ritzau-Jost et al., 2014; Vyleta and Jonas, 2014) and by utilizing direct patch-clamp recordings from small central synapses at body temperature, Delvendahl et al. (2016) , in this issue of Neuron, have now achieved detection of ultrafast endocytosis after a single AP. Performing Cm recordings from cerebellar mossy fiber boutons (cMFBs) and hippocampal mossy fiber boutons (hMFBs), the authors elegantly demonstrate that both types of synapses exhibit fast endocytosis. The observed time constant of 470 ms is consistent with the recent EM results from glutamatergic hippocampal synapses (Delvendahl et al., 2016; Watanabe et al., 2013 Watanabe et al., , 2014 . Given the consistency of these findings across different cell types and tissue preparations, these studies provide the first evidence that ultrafast endocytosis is indeed a general mechanism of membrane retrieval from the active zone after a single AP or short AP trains.
Still, it should be noted that cMFBs and hMFBs exhibit multiple release sites; thus, Cm changes recorded in the current paper do not reflect single but rather multiple fusion events, albeit occurring simultaneously (Delvendahl et al., 2016) .
However, if fast endocytosis is a general mechanism, what obscured its detection in previous studies?
One reason for the missing evidence for fast endocytosis is simply detection limitations in capacity changes at small central synapses (Hallermann et al., 2003) . Single vesicle fusion and fission events change the capacitance only in the attoFarad range, a signal that is easily buried in the noise of the recording itself. Therefore, historically, changes in Cm at central synapses were monitored during highfrequency AP stimulation that resulted in slower Cm decay times. The current paper and previous reports indeed describe that endocytosis slows considerably upon high AP train stimulation (Delvendahl et al., 2016; Sun et al., 2002) , suggesting that the endocytic mode changes with stimulus intensity.
Another reason that fast endocytosis has been missed is the choice of methods. Often, pH-sensitive fluorescent probes (e.g., pHlourin) tagged to vesicular proteins are used to study endocytosis (Kavalali and Jorgensen, 2014) . Strictly speaking, these fluorescent probes do not monitor vesicle endocytosis but vesicle reacidification, a process that is likely slower than ultrafast endocytosis. In addition, pHlourin experiments assume that membrane retrieval and protein recycling occurs simultaneously, an assumption that is still unproved for ultrafast endocytosis.
The third and maybe most relevant point as to why fast endocytosis was previously overlooked is the use of physiological temperature in Cm recordings at central synapses. Cm recordings at physiological temperatures are extremely challenging; they are associated with increased recording artifacts. To overcome this limitation, Cm measurements were mostly performed at room temperature or after high APs trains and consequently missing ultrafast endocytosis. Delvendahl et al. (2016) carefully investigated the temperature sensitivity of endocytosis by establishing low-noise wholecell Cm measurements. Fast endocytosis can only be detected at 37 C. Lowering the temperature to room temperature or even 30 C dramatically slows down Cm decay times (Delvendahl et al., 2016) .
It should be highlighted that under physiological temperatures, two modes of endocytosis exist: a fast mode of endocytosis triggered by single APs or short AP trains and a slow form of endocytosis triggered after high-frequency trains (Kononenko et al., 2014; Watanabe et al., 2013; Delvendahl et al., 2016) . Delvendahl et al. (2016) were able to separate these two forms using pharmacological means. Inhibitors of actin cytoskeleton and dynamin blocked ultrafast and slow endocytosis, respectively, while blockers of clathrin coat formation blocked slow endocytosis only (Delvendahl et al., 2016) . Also this result supports previous EM experiments that could not find clathrin coats at ultrafast endocytic structures and showed that blocking actin polymerization prevents ultrafast endocytic structures from forming (Watanabe et al., 2013) .
Being now on more solid ground, the existence of ultrafast endocytosis at central synapses leads to a number of questions related to mechanism and specificity. So far, we know that after single AP or short AP trains, membrane retrieval is initiated in 50-100 ms flanking the active zone (Delvendahl et al., 2016; Watanabe et al., 2013 Watanabe et al., , 2014 . Nevertheless, both techniques monitoring ultrafast endocytosis, presynaptic Cm measurements, and snapshots from flash-and-freeze technique completely lack information about the recycling of vesicle proteins. Which mode of endocytosis is required for protein recycling? Are proteins recycled together, or are different modes of endocytosis responsible for specific proteins? One might speculate that fast endocytosis is a default mechanism that rapidly restores membrane tension after fusion events, while protein sorting takes place by slower forms of endocytosis. But to answer this hypothesis, new studies will be needed, labeling individual proteins and detecting their location on endocytosed vesicles in different modes by EM or super-resolution imaging techniques. Additionally, the mechanism and driving force for ultrafast endocytosis remain unresolved. For example, are changes in membrane tension enough to trigger fast endocytosis? Is actin polymerization or are actin scaffolds required for ultrafast endocytosis? At present, we understand that ultrafast endocytosis only occurs at physiological temperature and that it is dependent on actin polymerization and dynamin (Delvendahl et al., 2016; Watanabe et al., 2013 Watanabe et al., , 2014 . The GTPase activity of dynamin, budding vesicles from the plasma membrane, and actin polymerization are highly sensitive to temperature changes and might explain the temperature dependency of ultrafast endocytosis (Mooren et al., 2012; Shupliakov et al., 1997) . However, whether the temperature dependences of actin and dynamin are sufficient to describe the mechanism of ultrafast endocytosis, will be focus of next studies.
We are looking forward to future studies shedding light on the fascinating mechanisms of endocytosis.
